
host plant taxonomy was evident (i.e., the sister relationship of
C upressus and Juniperus and their sister relationship to Platy-
cladus are not reflected in the phylogenetic relationships of
their fungal associates). Isolates containing bacterial associates
were spread broadly across endophyte-containing clades in
each class, indicating a phylogenetically widespread capacity to
harbor bacteria.

Taxonomic placement of endohyphal bacteria initially was
assessed using BLAST comparisons in GenBank, typically
yielding matches to unidentified or nameless environmental
samples. The RDP classifier (68) placed these bacteria in two
phyla, the Proteobacteria (including the A lphaproteobacteria,
Betaproteobacteria, and G ammaproteobacteria) and F irmicutes.
Overall, we recovered five orders and 10 families, putatively
identified as Sphingomonadaceae (A lphaproteobacteria), Burk-
holderiaceae, C omamonadaceae, and Oxalobacteraceae (Beta-

proteobacteria), Moraxellaceae, X anthomonadaceae, Pasteurel-
laceae, and E nterobacteriaceae (G ammaproteobacteria) and
Bacillaceae and Paenibacillaceae (F irmicutes) (Table 2).

Based on 97% 16S rRNA gene identity, these bacteria rep-
resented 15 OTU. Of these, nine were found only once. Three
of the remaining six OTU were found in fungi from multiple
genera of Cupressaceae, four were found in fungi from more
than one biogeographic region, and all were found in fungi
representing multiple genera. Four genotypes each were found
in fungi representing different classes of Pezizomycotina (ge-
notypes A, B, C, and E) (Table 2).

Proteobacteria were observed in association with the Do-
thideomycetes, Eurotiomycetes, and Sordariomycetes and in
endophytes from all three plant genera representing hosts in
Arizona and North Carolina. F irmicutes were found in the
Eurotiomycetes and one member of the Pezizomycetes. Nom-

TABLE 3. Bacterial endophytes isolated from foliage of focal species of Cupressaceaea

Isolate Plant species Locationb 16S
genotype RDP classifier match Bacterial lineage

11124 J. deppeana AZ: MTL H Bacillus megaterium FJ527650 F irmicutes, “Bacilli,” Bacillales, Bacillaceae
11136 C . arizonica AZ: MTL A Bacillus subtilis FJ549011 F irmicutes, “Bacilli,” Bacillales, Bacillaceae
11180 J. osteosperma AZ: CHU A Bacillus sp. FJ514812 F irmicutes, “Bacilli,” Bacillales, Bacillaceae
11219 C . arizonica AZ: MTL A Bacillus subtilis NR_024931 F irmicutes, “Bacilli,” Bacillales, Bacillaceae
11290 J. deppeana AZ: MTL A Bacillus subtilis FJ549011 F irmicutes, “Bacilli,” Bacillales, Bacillaceae
11351 C . arizonica AZ: IS I E rwinia persicina EU681952 G ammaproteobacteria, E nterobacteriales,

E nterobacteriaceae
11394 J. virginiana AZ: UA J Bacillus licheniformis EU071553 F irmicutes, “Bacilli,” Bacillales, Bacillaceae

a Isolates, collection sites, 16S rRNA gene OTU based on 97% sequence similarity when compared among themselves and with the endohyphal bacteria listed in
Table 2, top RDP classifier matches and accession information, and bacterial lineages are given.

b Site abbreviations are spelled out in Table 1.

FIG. 1. Fluorescent in situ hybridization (FISH) microscopy showing hyphae of two isolates of endophytic fungi harboring endohyphal bacteria.
Panel A (isolate 9084b; Dothideomycetes) shows the TAMRA fluorophore at the site of internal structure in hyphal cells. Panel B (isolate 9143;
Sordariomycetes) shows the TAMRA fluorophore with the DAPI counterstain (blue), highlighting the fungal nuclear and mitochondrial DNA in
addition to bacteria (yellow/green). Scale bar, 10 !m (A) or 25 !m (B).
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